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An important factor in the diagnosis of multiple myeloma and other B cell malignancies is the detection of a paraprotein in the patient' s serum. We have shown that isoelectric focusing and immunoisoelectric focusing are superior to immunoelectrophoresis and zonal electrophoresis for the detection of monoclonal immunoglobulin when it is present at concentrations below 5 mg/ml or is masked by polyclonal immunoglobulin.' A potentially important clinical application of these techniques is the detection of early relapse in patients with B cell neoplasia who are in clinical and serological remission. In this paper we show how isoelectric focusing and immunoisoelectric focusing may be used to monitor monoclonal immunoglobulin at an early stage in the relapse and we have compared the limits of sensitivity of isoelectric focusing and immunoisoelectric focusing for the detection of paraproteins with more conventional techniques.
Material and methods
Immunoelectrophoresis, isoelectric focusing, and immunoisoelectric focusing were performed as previously described.' Zonal If we assume that most of the, IgG is monoclonal immunoglobulin, this represents a detection limit below 0-27 mg/ml. This figure is a maximum value since polyclonal IgG will also be present in the serum of the myeloma patient, albeit in low concentration because of the suppression of normal immunoglobulin production often associated with multiple myeloma. Fig. lb shows the immunoelectrophoresis of the same IgG dilutions. Monoclonal IgG could be identified with certainty, at best, at concentrations down to 2-7 mg/ml. Thus isoelectric focusing was at least 10 times more sensitive than immunoelectrophoresis in detecting monoclonal IgG in this case. Fig. 2a shows the isoelectric focusing and immunoisoelectric focusing patterns of a serum containing monoclonal IgA (A) (original IgA concentration = 81 mg/ml). The monoclonal IgA could be detected by isoelectric focusing at a concentration of 1-6 mg/ml (1/50) and by immunoisoelectric focusing at the highest dilution-that is, 0-16 mg/ml; this figure, as before, represents a maximum value. With immunoelectrophoresis (Fig. 2b) monoclonal IgA was detectable with certainty at concentrations down to only 4 05 mg/ml (1/20), although the dilution containing 1-62 mg/ml (1/50) was abnormal but equivocal. This represents an improvement of between 10 and 25 fold for immunoisoelectric focusing compared with immunoelectrophoresis.
Monoclonal IgM (original concentration 17-9 mg/ml) could be detected at concentrations down to 0 45 mg/ml (1/40) by isoelectric focusing and less than 0-11 mg/ml (1/160) by immunoisoelectric focusing (Fig. 3a) , while immunoelectrophoresis ( Fig. 3b) mg/ml), a less common paraprotein, could be detected at a concentration of 1 mg/ml (1/50) by isoelectric focusing and less than 0-05 mg/ml (1/ 1000) by immunoisoelectric focusing (Fig. 4a ) compared with a detection limit of 2 mg/ml (1/25) by immunoelectrophoresis (Fig. 4b (Fig. 3) . The immunoelectrophoretic arc of IgM is notoriously difficult to interpret, mainly because of its small size and position. Although abnormalities are seen, monoclonality is often in doubt with immunoelectrophoresis.3 This problem is greatly obviated by the use of immunoisoelectric focusing. Monoclonal IgG is probably the easiest to interpret by isoelectric focusing (Fig. 1) because of the spreading of polyclonal IgG. Immunoisoelectric focusing gives similar sensitivity. Antihuman IgG precipitates the polyclonal IgG and, as the monoclonal IgG concentration drops, so differences in staining become less apparent. This is not a problem in the case of IgD, however, because of its low concentration in normal serum. In this case, using immunoisoelectric focusing, the normal polyclonal IgD does not mask the monoclonal IgD pattern until a high dilution is reached, whereas only a thickening of the IgD arc is seen by immunoelectrophoresis and one has to rely on an abnormality of the light chain arc restricted to kappa or lambda for evidence of monoclonality. Isoelectric focusing of monoclonal IgD dilutions is relatively less sensitive than immunoisoelectric focusing because of the tendency of IgD to focus at the anodic end of the gel, with many of the other serum proteins. In a previous paper' we showed that precipitation of the y globulins by washing the gel with 18% wt/vol Na2SO4 or 50% saturated (NH4)2SO4 before fixing with trichloroacetic acid improves this situation by removing most of the interfering proteins. Sensitivity can be increased further by using a restricted pH gradient, which provides better separation of the monoclonal immunoglobulin from other serum proteins and provides greater spreading of the polyclonal immunoglobulin. We have used gels of this type in isoelectric and immunoisoelectric focusing of monoclonal IgA and IgM ( Fig. 2 and 3 ) and have obtained extremely convincing results with immunoisoelectric focusing in the detection of low concentrations of these two immunoglobulins.
The case illustrated in Fig. 6 and the data in Table  1 show the value of immunoisoelectric focusing in the identification of paraproteins. With regard to Fig. 6 , patients with malignancies involving abnormalities of light chains only have poorer prognoses and shorter remission times than those with malignancies involving complete immunoglobulin molecules.4 If we had followed our original laboratory procedure of reviewing the patient at intervals of three months until the abnormality disappeared or could be characterised by immunoelectrophoresis, then this would have delayed confirmation of light chain abnormality for an unacceptably long time. This case also emphasises that the examination of urine for free light chains is a mandatory procedure in evaluating patients for suspected B cell neoplasia, even if the serum does not show a paraprotein. The detection of monoclonal immunoglobulin in the relapse stage of multiple myeloma poses a different problem from that encountered in cases of MGUS. In most relapsing patients, the isotype of the monoclonal immunoglobulin is not in doubt, and it may be detectable by conventional methods throughout remission. In some patients, however, the monoclonal immunoglobulin, as assessed by conventional methods, actually disappears. '2 In these cases, a more sensitive method of detection of monoclonal immunoglobulin is obviously desirable and may be a useful indicator of early relapse, as we have shown in 27 patients studied here (Table 2) .
Zonal electrophoresis on cellulose acetate membranes, immunoelectrophoresis, '31' and, more recently, high resolution agarose electrophoresis followed by immunofixation'5 have been recommended for detecting low concentrations of monoclonal immunoglobulin. We have shown that Sinclair, Kumararatne, Stott dependable, and at least as rapid as the more conventional techniques.
